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I. Introduction
( )
ndonor, acceptor $\mathrm{L}^{1}6\mathrm{T}$ $/\sqrt[\backslash ]{}$ ”
intrinsic locdized modae(ILM) ( )
(lattice sereteneae)
ILM
ILM acoustic phonon band
(Intrinsic Resonant Modae)(ItM)
$\mathrm{I}\mathrm{L}\mathrm{M},\mathrm{n}\mathrm{t}\mathrm{M}$
T (mobile) ILM. E1M
:(1) (2)
: (3)
(4) : $\mathrm{J}\mathrm{o}\Re \mathrm{p}\mathrm{h}\mathrm{s}\mathrm{o}\mathrm{n}$
BosEinstein , $\mathrm{L}\mathrm{M},\mathrm{I}\mathrm{R}\mathrm{M}$
[1], $\mathrm{A}$.J. Sie






$\mathrm{n}.$ Illustration of intrinsic localized modes
(1) 1 ( )
1
2 4 n
$u_{n}$ , $m$ , $K_{2},4$
$K_{4}(>0)$ $K_{2}/m=J_{2},K_{4}/m=J_{4}$





–$d^{\mathit{2}}v_{n}dt^{2}=J_{2}$($v_{n+1}+v_{n-1}-2u$ ) $+J_{4}(v\cong_{+1}+vn_{-1}-2u_{n}^{3})$ (3)
(1)
$u_{n}=\phi_{n}$ coes($\omega$t), (4)
envelope function \phi 1 $t$ \mbox{\boldmath $\omega$}




$\mathrm{a}v$ , \mbox{\boldmath $\omega$}, ..... ”





$g(n, \omega)=\frac{1}{N}\sum\frac{\exp(iqn)}{\omega^{2}-\omega(q)^{2}};\omega(q)^{2}=2J_{2}[1-\infty \mathrm{s}(q)]$ (6)
(5)
$\phi_{n}=\frac{3}{4}J_{4}\sum_{m}g(n-m,\omega)[(\phi_{m}-\phi_{m+1})^{3}+(\phi_{m}-\phi_{m-1})^{3}]$ (7)
N (6) 4J2 $=\omega_{M}^{2}$
2 $>\omega_{M}^{2}$ 2 $\mathrm{I}\mathrm{L}\mathrm{M}$ $Narrow\infty$
$g(n,\omega)$
$g(n, \omega)=\frac{(-1)^{n}\mathrm{r}(-z|n|)}{2J_{2}\mathrm{s}\mathrm{i}\mathrm{f}\mathrm{f}\mathrm{i}(z)}$ $z= \cosh^{-1}(\frac{\omega^{2}-2J_{2}}{2J_{2}})$ (8)
iUustration $\mathrm{o}\mathrm{n}\triangleright \mathrm{I}\mathrm{L}\mathrm{M}$ problem ILM m $=0$










(4.12) $\phi 0$ \phi 1
$\frac{\phi_{n}}{\phi_{0}}$ $=$ $\frac{\omega^{2}g(n,\omega)}{\omega^{2}g(0,\omega)-1’}$ $n\neq 0$. (14)
\phi l n $g\Leftarrow,\omega$) $e^{-c|n|}(n :\infty \mathrm{n}\mathrm{s}\mathrm{h}\mathrm{n}\mathrm{t})$




ILM strong localization lmit
$g($0; $\omega)$ \mbox{\boldmath $\omega$}2 $>>\omega_{M}^{2}\equiv 4J_{2}$
$\omega^{2}g(0,\omega)=1+\frac{2J_{2}}{\omega^{2}}+\frac{4J_{2}^{2}(1+\frac{1}{2})}{\omega^{4}}+\ldots\ldots$ , (17)
$\frac{\phi_{1}}{\phi_{0}}=-\frac{1}{2}\frac{1}{1+\delta}+\frac{\delta}{1+\delta}arrow-\frac{1}{2}$ for $\omega^{2}>>\omega_{M}^{2}\equiv 4J_{2}$ , $\delta=\frac{2J_{2}}{\omega^{2}}(1+\frac{1}{2})$ , (18)
ILM (13) $n=0$
$1= \frac{[-1-\frac{\omega^{2}}{2J_{2}}+\frac{\omega^{4}}{2J_{2}}g(0,\omega)]^{3}}{[\omega^{2}g(0,\omega)-1]^{2}}\phi_{0}^{2}$ (19)
ILM \phi 0 $\phi_{1}=-(1/2)\phi 0$




$\mathrm{o}\mathrm{n}\mathrm{e}- \mathrm{l}\mathrm{o}\mathrm{c}\ovalbox{\tt\small REJECT} \mathrm{L}\mathrm{e}\mathrm{d}$ mode (3)
$\mathrm{L}\mathrm{M}$
$v_{n}=\varphi_{n}$ \mbox{\boldmath $\alpha$} (\mbox{\boldmath $\omega$}t), (21)





$\varphi_{n}=\frac{3}{4}J_{4}\sum_{m}\tilde{g}(n-m,\omega)\varphi_{m}^{3}$ $\tilde{g}(n,\omega)=\frac{1}{N}\sum_{q}\frac{\omega(q)^{2}\alpha \mathrm{p}(iqn)}{\omega^{2}-\omega(q)^{2}}=\omega^{2}g(n,\omega)-\Delta$. (24)
(23) (16) s $\mathrm{o}\mathrm{n}\mathrm{g}$ locdization h.mit
$\varphi_{0}=1,$ $\varphi_{1}=\varphi_{-1}=-\frac{1}{2}$ (25)
\phi 1 $=-\phi-n$ (26)
$\mathrm{L}\mathrm{M}$ p–like mode 1 s $\mathrm{p}$
ILM strong $\mathrm{l}\mathrm{o}\mathrm{c}\mathrm{a}\mathrm{l}\mathrm{z}\mathrm{a}\mathrm{t}\cdot \mathrm{o}\mathrm{n}$ limit $\triangleright$-lke mode
p-lke mode 1
(2) 1







. $\mathrm{I}\mathrm{n}\mathrm{t}\acute{\mathrm{m}}$sic localized mode
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(1) Formal theory
i $n$ $\vec{R}_{n}$ $\tilde{u}(\vec{n})$ $\alpha-$





$u(x) \equiv u(x,t)=\phi_{0}(x,t)+\sum_{r=1}^{\infty}\phi_{r}(x)\mathrm{c}\mathrm{o}\mathrm{e}(\mathrm{f}wt)$ (30)
,\phi r(x)(f $\geq 1$) coe(\mbox{\boldmath $\omega$}t)










$g(x,x’; \omega)=\sum_{\mu}\frac{\varphi_{\mu}(x)\varphi_{\mu}(x’)^{s}}{\omega^{2}-\omega(\mu)^{2}}$ , ( )
(32)













$\phi(\tilde{e_{j}})$ $=\phi(-\tilde{e_{j}})$ for ffi $j$ (43)
1 (13)
$\phi_{(}\tilde{n})=\frac{3J_{4}}{4J_{2}}$ $[\omega^{2}g(\tilde{n},\omega)-\Delta(\wedge)](\phi\copyright-\phi(\vec{e}_{\mathrm{j}})^{3}$ (44)
1 strong localzation lmit
$\frac{\phi(\tilde{e_{j}})}{\phi(\tilde{0})}\approx-\frac{1}{d}$ for $\mathrm{s}-\mathrm{l}\mathrm{k}\mathrm{e}$ mode (45)
(3) ELM rmark: co $\mathrm{a}$ Dni
ILM 1



















$\mathrm{I}\mathrm{V}$. $\mathrm{a}\mathrm{c}$ dc moving ILM
(1) moving nM-$ $(\mathrm{s}\mathrm{o}\mathrm{R}),4$ (hard) 1 \div
$\mathrm{I}\mathrm{L}\mathrm{M}$
fomd $\mathrm{t}\mathrm{h}\infty \mathrm{r}\mathrm{y}$ 4 hard
Morae \gamma ntial Lemard-Jonae potential
soft Hamiltoniffif
1




$v_{n} \equiv v_{n}(t)=\phi_{n}^{(0)}+2\sum_{r=1}^{\infty}\phi_{n}^{(r)}(t)$ coe[r(kn-\mbox{\boldmath $\omega$}t)] (52)
en lope function $\phi_{n}^{(0)}(t),\phi_{n}^{(r)}(t)$ $t$ (47)
coe [$r$($kn$ -\mbox{\boldmath $\omega$}t)] sin $[r(kn-\omega t)](r=0,1,2, \ldots)$ enn lope
function





$r,\alpha,$ $\beta,$ $\ldots=1,2,3,$ $\ldots$ . (57)
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$L_{k}.[\{\phi \mathrm{r})\}],\mathrm{A}\mathrm{f}_{\ovalbox{\tt\small REJECT}}\ovalbox{\tt\small REJECT}\{\phi T^{)}\}]$ $\psi\zeta$
3 $\mathrm{d}\ovalbox{\tt\small REJECT} \mathrm{m}\mathrm{o}\mathrm{d}\mathrm{e}$ $\mathrm{a}\mathrm{c}$-mode
moving ILM 1 4
V. Nonlinear rotating modes (NRM)
(1) 1 sine (SL)
1
$J[\sin(\tau h+1-\tau b)-\mathrm{s}\dot{\mathrm{m}}(\{.h -. \mathrm{c}_{4-1})$
.
$- \frac{d^{2}t_{\mathrm{h}}}{dt^{2}}]=\lambda$sin $(4_{b})$ (58)
$\mathrm{D}\mathrm{N}\mathrm{A}$
sine (SL) $.\mathrm{S}\mathrm{G}.\cdot(|\mathrm{d}\mathrm{S}\mathrm{G})$ 7
$\mathrm{j}[$(.lh.+l-t )-(t\sim -1\sim -1)---\partial \partial 2tu2]. $=.\lambda$ sin $(u_{n})$ (59)
$u\equiv u(x,t)$ sin$\triangleright \mathrm{G}\mathrm{o}\mathrm{r}\mathrm{d}\mathrm{o}\mathrm{n}$ $(\mathrm{S}\mathrm{G})$
–$\partial^{2}u\partial x^{2}-$–$\partial^{2}u\partial \mathrm{t}^{2}=\lambda_{0}\sin$ ($\sim$ 2) (60)










breather nonlnear rotating mode
$\mathrm{S}\mathrm{L}$ $\mathrm{L}\mathrm{M}$ , $\langle$ ILM(breather) nonh.near rotatin$\mathrm{g}$ mode
(NRM) 5
(2) intrinsic Josephson NRM





$\beta$ , $\alpha$,I $V_{n}$
\mbox{\boldmath $\tau$} \mbox{\boldmath $\tau$}=\mbox{\boldmath $\omega$} \mbox{\boldmath $\omega$}p





I (49) $\varphi_{n}$ (I) (53) $I-V$
1 6
$I$ -V
$\mathrm{V}\mathrm{I}$. Base flipping state in enzyme-catalhed DNA
DNA –$\mathrm{R}\mathrm{N}\mathrm{A}$
2 local open state DNA
} $\mathrm{l}\arg\triangleright \mathrm{m}\mathrm{p}\mathrm{l}\mathrm{i}\mathrm{t}\mathrm{u}\mathrm{d}\mathrm{e}$ collecti mode
local opening base pair baee
twisting ILM
7 Z
stramd $\mathrm{S}$ $\mathrm{S}$ ’ $\mathrm{S}$ n
$\theta_{n}$ , $\mathrm{S}$ ’ $g_{n}$ $\mathrm{H}\mathrm{m}4\mathrm{t}\mathrm{o}\mathrm{n}\mathrm{i}\mathrm{a}\mathrm{n}$
$H= \sum_{n}[\frac{I_{n}}{2}\dot{\theta}_{n}^{2}+\frac{p_{n}}{2}f\dot{f}_{n}^{2}+K_{n}[1-\mathrm{c}\mathrm{o}\mathrm{e}(\theta_{n+1}-\theta_{n})]+K_{n}’[1-\mathrm{c}\mathrm{o}\mathrm{e}(\emptyset_{n+1}-\mu_{n})]]+V_{\mathrm{h}}(\theta_{n},g_{n})+V_{\mathrm{o}}(\theta_{n},t_{n}),$(67)
wheoe
$\mathrm{h}(\theta_{n},ff_{n})$ $=\sim[1-\mathrm{c}\mathrm{o}\mathrm{e}(\theta_{n}-\zeta)]+\mathrm{c}4[1-\subset 9\supset(\theta_{n})\subset 9\supset(\nu_{n})_{\mathrm{h}}[1-\mathrm{c}\mathrm{o}\mathrm{e}(\xi)]$. ( )
$V_{\mathrm{o}}(\theta_{n’\acute{n}})=\lambda_{1n}[1-\mathrm{c}\mathrm{o}\mathrm{e}(\theta_{n})]+\lambda_{2n}[1-\infty \mathrm{s}(2\theta_{n})]+h[\mathrm{e}\mathrm{o}\mathrm{e}\mathrm{h}(\beta\theta_{n})-1]$
$+\lambda_{1n}’[1-\infty \mathrm{s}(ff_{n})]+\lambda_{2n}’[1-\infty \mathrm{s}(2ff_{n})]+\mu_{n}’[\mathrm{c}\mathrm{o}\mathrm{e}\mathrm{h}(\beta\emptyset_{n})-1]$
\equiv Z( $V_{\circ}(\emptyset)$ . (69)
$n$ , \tilde
$I\ddot{\theta}_{n}=-\gamma\dot{\theta}_{n}+K\sin(\theta_{n+1}-\theta_{n})-K\sin(\theta_{n}-\theta_{n-1})-h\sin(\theta_{n}-ff_{n})-\lambda_{1}$ sin$(\theta_{n})$
$-\lambda_{2}\sin(2\theta_{n})-\mu$ sin$\mathrm{h}(\beta\theta_{n})-d\sin(\theta_{n})\infty \mathrm{s}(\emptyset_{n})$ , (70)
$F\ddot{\Psi}_{n}=-f\gamma^{\dot{f}_{n}}+K’\sin(t_{n+1}-ff_{n})-K’\sin(\alpha_{n}-ff_{n-1})-h$sin$(t_{n}-\theta_{n})-\lambda_{1}’\sin(\emptyset_{n})$
$-\lambda_{2}’\sin(2)\acute{\hslash}-\mu’$ sin$\mathrm{h}(\beta\nu_{n})-d\sin(\mu_{n})\mathrm{c}\mathrm{o}\mathrm{e}(\theta_{n})$ . (71)
$\mathrm{I}\mathrm{L}\mathrm{M}$ , $<\mathrm{I}\mathrm{L}\mathrm{M},\mathrm{N}\mathrm{R}\mathrm{M}$ on-site $V_{o}(\theta_{n})(V_{o}(\emptyset_{n}))$ 8
9 2 1
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base ffipping mode $I\ovalbox{\tt\small REJECT} I’\ovalbox{\tt\small REJECT} 1$





. [$u(i+\tilde{e_{j}})$ +sin$[u(\tilde{u}-\tilde{e}_{j})-2\mathrm{s}\dot{\mathrm{m}}[u(\tilde{n})]]$ (73)
$\mathrm{L}\mathrm{M}$














(6) :looel mode in chemistry
normal mode local mode
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Fig.8 $\mathrm{b}\mathrm{a}\mathrm{s}\mathrm{e}- \mathrm{f}\mathrm{i}\phi \mathrm{p}\mathrm{i}\mathrm{n}\mathrm{g}$ $\mathrm{o}\mathrm{n}^{-}\mathrm{s}\mathrm{i}\mathrm{t}\mathrm{e}$
$\mathrm{F}\mathrm{i}\mathrm{g}.\iota?$ Base flISping state in $\mathrm{D}\mathrm{N}\mathrm{A}$
198
